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@ Fan apparatus. 



© A fan apparatus employs such structure that a 
setting angle of the blade is kept to be a predeter- 
mined angle at a first area from a bottom portion of 
the blade to an intermediate portion of the blade and 
the setting angle is increased at a second area from 
the intermediate portion of the blade to a top portion 
of the blade. A chord length of the blade of the 
present invention gradually Increases from the bot- 
tom portion to the top portion. A first wing axis of the 
blade at the first area from the bottom portion to the 
intermediate portion and a second wing axis of the 
blade at the second area from the intermediate por- 
^ ^tion to the top portion are not parallel from each 
» ^ other but the second wing axis is inclined toward the 
^.rotational direction of the fan apparatus. Further- 
more, the profile of the is formed in such a manner 
©that the profile at the first area is perpendicular to 
f^the first wing axis and the profile at the second area 
CO is perpendicular to the second wing axis. The fan 
^apparatus of the present invention employs such 
.--.I: s © structures that'a pressure distribution ^albng^wfth theTw 
.:. wing chord Is substantially the vsajrie^t^the.first areaZv 

• , and a pressure distnbution,along with the^yyring chords 3 



manner that the shape of the pressure distribution is 
the similar figures to that of the first area. The chord 
length of the blade is gradually increased from the 
bottom portion to the top portion. 

Since the fan apparatus of the present invention 
employs the structures described above, the fan 
apparatus well prevent [*w occurrence of the bur- 
bling at the r Aei :;uuace of the blade even the 
resistance of the ai flow introduced into the fan 
apparatus is high and the air flow passing the blade 
is incline to the w?ng chwK 
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FAN APPARATUS 



FIELD OF THE INVENTION 

A present invention relates to a fan apparatus 
which is useful as a radiator fan for -cooling an 
automotive radiator, for example. 

BACK GROUND OF THE INVENTION 

An automotive radiator for cooling a coolant of 
an engine is provided in front of the engine 5 as 
shown in Fig. 3. The radiator 4 has an upper tank 
4a, a lower tank 4c and a radiating core 4b pro- 
vided between the upper tank 4a and the lower 
tank 4c. The radiating core 4b has a plurality of 
tubes and fins thermally connected to the tubes.' A 
fan apparatus 12 is provided between the radiator 4 
and the engine 5 for blowing the cooling air toward 
the radiating core. The fan apparatus has a boss 2 
-..which is rotated by the outer driving source such 
as an" electric motor and a plurality of blades 1 
which is connected on the outer surface of the 
boss 2. A fan shroud 3 is provided in such a 
manner that the fan shroud 3 surrounds the fan 
apparatus 1 so that the cooling air generated by 
the fan apparatus 1 is introduced toward the fan 
apparatus. 

A condenser 6 condensing a refrigerant of an 
automotive air conditioner is provided in front of the 
radiator 4. A front grille 8 is opened at the front end 
portion of a food 10 so that the air through the front 
grille flows toward the condenser 6 and the radiator 
4. The reference numeral 7 shows automotive 
vamper, the numeral 9 shows a skirt portion. 

Since the engine 4 requires cooling efficiency, 
the radiator 4 is also required effective heat ex- 
changing function. Accordingly, the radiator 4 em- 
ploys the radiating core 4b which has a louvered 
fin the pitch of which is very narrow in order to 
increase the effective heat exchanging area, so that 
the resistance of the air passing through radiator 
has increased. 

Furthermore, since the air passes through the 
radiator 4 should also pass through the condenser 
6, the total resistance of the radiator 4 and con- 
denser 6 should be quite high. The opening area of 
the front grille 8 has been decreased in order to 
reduce the coefficiency of the resistance of the 
automobile resently, so that the resistance of the 
air introducing into the fan apparatus 1 has been 
increased. 

The increment of the resistance of the air also 
• increases the noise generated by the fan. The . 
conventional type of the fan apparatus cannot de- 



" crease this noise. 

After the present inventors had examined about 
the relationship between the resistance of the air 
introduced into the fan apparatus and the noise 
5 caused by the fan apparatus, the present inventors 
presumed that the air flow passing through fan 
apparatus is varied in accordance with the resis- 
tance of the air introduced into the fan apparatus. 
The present inventors observed the air flow on the 
io surface of the blade under the situation that the 
resistance of the air introduced into the fan appara- 
tus was varied. According to the observation of the 
present inventors, the air flow passing through the 
fan apparatus 12 is parallel with the axis of the 
75 boss 2 as shown by the allow F in Fig. 4 and the 
vibration of the tuft attached on the surface of the 
blade is small while the resistance of the air intro- 
duced into the fan apparatus is small. 

The air passing through the fan apparatus 12 
20 under such situation flows in such a manner that 
the air makes concentric circles as shown in Fig. 5. 
The allow R shown in Figs. 4 and 5 indicates the 
rotating direction of the blade 1. 

The air passing through the fan apparatus 12 
25 curves outwordly as shown in Fig. 6, and the tuft 
attached on the inner end of the blade vibrates 
strongly while the resistance of the air introduced 
into the fan apparatus is high. As shown from Fig. 
7 which shows one blade 1 of a plurality of blades 
30 of the fan apparatus 12, the air passing through the 
outer surface of the blade flows outwordly. 

The angle of incidence a is deemed to be 
increased when the resistance of the air introduced 
into the fan apparatus is high. Since the angle of 
35 incidence relates to the fan noise and the fan 
performance, the stall is occurred when the angle 
of incidence becomes too large. The angle of in- 
cidence o is calculated as the angle between a line 
T tying the leading edge 1A and the training edge 
40 1B of the blade 1 and a line F which indicates the 
air flow introduced into the blade 1 as shown Fig. 
2. The letter p designates a setting angle which is 
calculated as the angle between a line T and a line 
R which shows the rotating direction of the blade. 
45 The letter L designates chord length between the 
leading edge 1a and the trailing edge 1b. The 
setting angle j3 of the conventional type of fan 
apparatus decreases from the bottom portion to the 
intermediate portion of the blade 1 and decreases 
so from the intermediate portion to the top portion of 
the blade, as described by line J in Fig. 9. The 
veloucity of the air passing through the top portion 
of the blade increases when the setting angle 0 of 
... the blade at the .top portion increases, so that the 
turbulence of the air around the top portion is 
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ceased. The. setting angle /S at the bottom, portion, 
of the blade 1 is increased in order to make- the 
amount of the air passing through the bottom por- 
tion increases. However, since the angle of the 
incidence a becomes high in accordance with the • 
increment of the resistance of the air introduced 
into the fan apparatus, the occurrence of the stall 
on the both inner end and the outer end of the 
blade is predicted, and which causes the noise at 
those areas. 

As described above, the air flow flowing on the 
surface of the blade 1 curves otitwordly when the 
resistance of the air introduced into the fan appara- 
tus is increased. The sectional shape of the blade 
is so designed that the fan profile as shown in Fig. 
10 (a) is at X-X portion of the Fig. 8 which is 
perpendicular to the wing axis 1. The sectional 
shape of the blade, however, cannot maintain the . 
fan profile and is such an irregular shape that 
described in Fig. 10(b) along with XI-XI line of Fig. 
8 which is parallel with the derection of the air flow 
when the resistance becomes high. The XI-XI line 
of Fig. 8 designates the direction of air flow when 
the resistance is high as shown in Fig. 7. There- 
fore, the air flow flowing along with XI-XI line can- 
not-flow smoothly so that the burble is occurred. 



SUMMARY OF THE INVENTION 

The present invention has an object to provide 
a fan apparatus well preventing an accurrence of a 
burble on a surface of a blade even though a 
resistance of air flow introduced into the fan ap- 
paratus is increased. Another object of the present 
invention is to provide an fan apparatus generating 
small noise. 

In order to attain above objects, the present 
invention employs such structure that a setting 
angle of the blade is kept to be a predetermined 
angle at a first area from a bottom portion of the 
blade to an intermediate portion of" the blade and 
the setting angle is increased at a second area 
from the intermediate portion of the blade to a top 
portion of the blade. A chord length of the blade of 
the present invention gradually increases from the 
bottom portion to the top portion. A first wing axis 
of the blade at the first area from the bottom 
portion to the intermediate portion and a second 
wing axis of the blade at the second area from the 
intermediate portion to the top portion are not par- 
allel from each other but the second wing axis is , 
inclined toward the rotational direction of the fan 
apparatus. Furthermore, the profile of the blade of 
the present invention - Is 'formed in v such a ' manner^ 
'^that the profile at _the first area is perpendicular^to 
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fan . apparatus of .the present invention., employs 
such structures that a pressure distribution along 
with the wing chord is substantially the same at the 
first area from the bottom portion to the intermedi- 
ate portion and a pressure distribution along with 
the wing chord at the second area is gradually 
increased in such a manner that the shape of the 
pressure distribution is the similar figures to that of 
the first area. The chord length of the blade is 
gradually increased from the bottom portion to the 
top portion. 

Since the fan apparatus of the present inven- 
tion employs the structures described above, the 
fan apparatus well prevent the occurrence of the 
burbling at the outer surface of the blade even the 
resistance of the air flow introduced into the fan 
apparatus is high and the air flow passing the blade 
is incline to the wing chord. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a front view of the fan apparatus of 
the present invention, 
25 1 Fig. 2 is a sectional view of the blade of the 

» fan apparatus, 

Fig. 3 shows the layout of the front portion of 
\ the automobile, 

! Fig. 4 is a side view of the fan apparatus, 

30 , Fig. 5 is a front view of the blade of the fan 

apparatus. 

Fig. 6 is a side view of the fan apparatus, 
Fig. 7 is a front view of the blade of the fan 
apparatus, 

35 Fig. 8 is a front view of the confentional type 

of the fan apparatus, 

Fig. 9 shows the setting angle of the blade, 
Fig. 10(a) is a sectional view taken along is 
X-X line of Fig. 8 ( 
40 Fig. 10(b) is a sectional view of the blade 

taken along with XI-XI line of Fig. 8. 

Fig. 11 shows the velocity of the air flow 
passing through the blacio. 

Fig. 12 shows the: ohord length of the blade. 
45 Fig. 13 shows in relationship between the 

amount of the f ? ? m6 f- s noise, 

Fig. 14 Uiow£> >he setting angle of the 
blades, 

Fig. 15 shows th chord length of the blade, 
so Fig. 16 shows tins noise of the fan apparatus, 

Figs. 17 snd iu are front views of fan ap- 
paratus 

Fig. 19 is a sectional view of the blade taken 

t . along with XIX-XIX line of Fig. 1 v 

tt^'Z ^ r Fig; 20 is a sectional view bf blade i taken 

S^n^^^^ ) ine of Fi 9-A 
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Fig. 23 shows the setting angle of the blades 

DETAIL DESCRIPTION OF THE -PREFEBRED EM- . 
BODIMENT 

Fig. 1 shows an fan apparatus for cooling an 
automotive engine radiator. The fan apparatus 100 
is provided between the engine and the radiator. 
Four blades 1 02 are provided at the side surface of 
an cylindrical boss 101 which is driven by an 
electric motor. The boss portion 101 and four 
blades 103 are formed integrally from resin ma- 
terial. The intermediate portion of the blade is 
calculated by the formula of 

Dh j; (Dt - Dhj = Dm 
2 

wherein Dh represents the diameter of boss portion 
101. Dt represents the diameter of the circle drawn 
by the top portion of the blade, and Dm represents 
the diameter of the circle drawn by the intermedi- 
ate portion. 

The setting angle of the blade 103 is main- 
tained to be a predetermined setting angle 0m at a 
first area from the bottom pcrtion(Dh/2) to the 
intermediate(Dm/2). The setting angle /S then 
gradually increases at a second area from the 
intermediate portion(Dm/2) to the top portion(Dt/2). 
as shown by line K in Fig. 9. the letter flm repre- 
sents the setting angle at the intermediate portion, 
the letter fit represents the setting angle at the top 
portion. The angle of incidence a becomes small in 
accordance with the setting angle at the second 
area, so that the stall is well prevented even though 
the resistance of the air flow introduced into the fan 
apparatus becomes high. H should be noted that 
the lift of the blade becomes also small when the 
angle of incidence a is small, so that the volume of 
the air flow passing through the fan apparatus 
should be small. The fan apparatus is required to 
have the lift at least as much as that of the conven- 
tional fan apparatus. Since the lift 1 Is incorporate 
with formula of 

i a R p V*S 

wherein p represents the density of the air, V 
represents the velocity of the air flow, s represents 
the ares of the blade and R represents the Gft 
coefficient, and since the lift coefficient R is incor- 
porated with the angle of incidence, the area of the 
blade 6 should be increased for compensating the 
reduction of the angle of incidence a. Accordingly; 
the chord length L should be large in order to 



reduce the angle of the incidence a. The velocity 
- Ca of the air flow caused by the fan apparatus 100 
is designed in such a manner that the velocity Ca . 
is small at the first area from the bottom portion to 
s the intermediate portion and the velocity Ca is 
gradually increased at the second area from the 
intermediate portion to the top portion, so -that the 
volume of the air flow passing through the first area 
is small. The volume of the air flow "cannot increase 
10 very much even though the increment of the chord 
length L under the condition that the resistance of 
the air flow is high. Moreover, the increment of the 
chord length L causes the burbling on the outer 
surface of the blade which makes the noise. In 
75 order to prevent such disadvantage, the blade of 
the present embodiment has the small length of 
the chord length L which is gradually increases at a 
first area, as shown in Fig. 12. 

The chord length L of the blade of the present 
20 embodiment increases, quickly at the second, area 
from the intermediate portion to the top portion in 
order to generate much volume of the air flow. So 
that the blade of the present embodiment convexes 
toward the rotational direction R as shown in Fig. 1 . 
25 The relationship between the chord length Lt at a 
top portion and a chord length Lm at a intermediate 
portion is set by the next formula 

1.2LmSLtS2.2Lm 
A first wing axis 1 , which represents a center point 
30 of the chord length of the first area and a second 
wing axis 1* which represents the center point of 
the chord length at a second area are described in 
Fig. 1. Since the blade convexes toward rotational 
direction at the second area, the second wing axis 
35 I, inclines toward the rotating direction by the 
predetermined angle Q from the first wing axis I ,. 
The predetermined angle 6 is so declined that the 
angle d relates to the chord length, and the chord 
length is designed by the required output of the fan 
40 apparatus and the outer diameter of the blade. The 
predetermined angel $ of the present embodiment 
is 3° - 17°. 

The profile of the blade which is perpendicular 
to the first wing axis I, is designed to be the shape 

45 shown in fig. 10(a) at the first area from the bottom 
portion to the intermediate portion. The profile of 
the blade which is perpendicular to the second 
wing axis l* is designed to be the similar shape as 
that described in Fig. 10(a). 

so As shown in Fig. 19 which shows the sectional 

shape of the blade taken along with XIX-XIX line of 
Fig. 1 and Fig. 20 which shows the sectional shape 
of the blade taken along with XX-XX line in Fig. 1. 
the sectional shape of the blade is so designed that 

65 the profile of the blade is fit to the air flow passing 
through the blade even though the air flow curves 
as shown in Fig. 7. So that the blade of the present 
embodiment can well prevent the occurrence of the 
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burbling on the outer surface of. the. blade and can 
prevent the noise. 

The effect of the present embodiment for re- * 
ducing the noise is shown in Fig. 13. The line G in 
Fig. 13 represents the conventional type of the fan,- • 5 • 
and the line P in Pig. 13 represents the present 
embodiment The ordinate of Fig. 13 indicates the 
static pressure which is the pressure difference 
between the upper surface of the blade and the 
lower surface of the blade. The line M represents io 
the resistance of the air introduced into the fan 
apparatus when the automobile does not move, the 
line N represents the resistance when the auto- 
mobile moves slowly and the line r represents the 
resistance when the automobile moves fast. As 75 
shown in Fig. 13, the fan apparatus of the present 
embodiment can reduce the noise at the point X 
when the automobile does not move. It should be 
noted that the fan noise makes the passengers in 
the vehicle inconvenience when the automobile 20 
does not move. Furthermore, the fan apparatus of 
the present embodiment can improve the static 
pressure which means that the fan apparatus of the 
present embodiment can increase the amount of 
the air flow. The fan apparatus having four blades 25 
and-4he outer diameter Dt of which is 300mm, the 
boss portion the diameter of which is 90mm and 
the electric motor the output of which is 80W 
(2180rpm) is used for the examination of Fig. 13. 

Fig. 14 shows the variation of the fan apparatus 30 
of the present invention which has the substantially 
same angle of setting angle at the first area from 
the bottom portion to the intermediate portion to 
the setting angle at a second area between the 
intermediate portion and the top portion. The dot 35 
line B, C, D and E represents the fan apparatus 
having the relation between the setting angle 
fiTIfim is 1.7, 1.9, 1.8 and 1.5 respectively, the 
solid line A represents a conventional type of fan 
apparatus. The chord length of the fan apparatuses 40 
which are respect to the fan apparatuses A, B, C, D 
and E in Fig. 14 are described in Fig. 15. As 
described in Fig. 15, the relationship between the 
chord length at the intermediate portion and the 
chord length each of other position of the blade of 4S 
the conventional type of the fan apparatus is main- 
tained substantially the same va!ue(solid line A). 
The relationship of that of the present embodi- 
ments are gradually increased toward the top por- 
tion. The relationship of Lt/Lm of the fan apparatus so 
designated by the dot line B, C, D and .E are 1.7, 
1.2, 1.4 and 2.2 respectly. 

The noise generated by the fan apparatus of A, 
B, C, D and E is plotted in Fig. 16. The fan _ 
apparatus B, C/ D and E of the present ; iembodi^ * 



the chord length of . Lt/Lm - is more than 2.2 is 
deemed to gain the reduction of the noise, the 
relation of the chord length Lt/Lm is also deemed 
to bring another disadvantage that the fan appara- 
tus cannot maintain the enough strength under the 
special condition that the boss rotates by high 
speed, so that the relation- of the chord - length 
Lt/Lm is predicted that the Number between 2.0 - 
2.5 is most practically. 

The setting angle fi at the first area is so 
maintained that, the pressure distribution along with 
the chord length of the blade 103 is substantially 
similar. The setting angle fi at the second area is 
gradually increases so that, the pressure distribu- 
tion on the chord length at the second area is 
gradually increased toward the top portion by 
keeping the shape of the pressure distribution simi- 
lar. 

The fan apparatus of the present invention can 
modified within the scope of the invention. Namely, 
the first area of the blade is formed from the 
bottom portion to the intermediate portion which is 
outer side of the mean portion of the blade. 

The distribution of the setting angle fi of the 
present invention can also be valid. In Fig. 23 
which shows the modified setting angle fi, the dot 
line B represents the same blades described by 
dot line B in Fig. 14, the dot lines F. G, H and I 
shows the modified fan blades having a same outer 
diameter Dt as that of the fan B and the same 
output as that of the fan B. The setting angle at the 
first area of the fans F, G, H and I is greater than 
that of the fan B, the setting angle fii of the fan F is 
1.1 times by that of the fan B fib, the setting angle 
fig of the Fan G is 1.3 times by fib, the setting 
angle fih of the fan H is 1.4 times by fib and the 
setting angle fix of the fan I is 1 .5 times by fib. The 
first area of the blade F is between the bottom 
portion and the intermediate portion calculated by 
the formula of 

1/2 {Dh + 0.71(Dt-Dh)}, 
the first area of the blade G is between the 
bottom portion and the intermediate portion cal- 
culated by the formula of 

1/2 { Dh -f 0.79(Dt - Dh) . 
the first area of blade edge is between the 
bottom portion and the intermediate portion cal- 
culated by the ft v mula of 

1/2 { Dh + 0 88(Dt - Dh)} , 

and the first area of the blade H is between the 
bottom portion and the intermediate portion cal- 
culated by the formula of 

1/2 {Dh + 0.95(Dt - Dh)> . 
The propotion between the chord length at the 
M tbF)"-^6ft'6n^^rid that 6f "the ^Mexx^^x^'pp^xi^ 



merit can reduce ^the noise . by 2.5 ^^j.decibel.from^ 
: the, conventional type .of the Jan .appara 



; .^-^ ^though the fan apparatus having 
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flow passing through the blades F, G, H and I 
under the condition that the automobile moves fast- 
(the condition represented r in Fig. 13) are de- 
scribed in Fig. 21. The noise caused by the fan F, 
G, H and I and the amount of the air flow through 
the. blades F, G, H and I under the condition that 
the automobile does not move (the condition repre- 
sented by m in Fig. 13) are described in Fig. 22. 
As shown from Figs 21 and 22, the blade G works 
most effectively. The dot line Q in Fig. 13 repre- 
sents the test data of the blade G. 

Even though the fan apparatus shown in Fig. 1 
has four blades, the fan apparatus of the present 
invention can employs more than five blades. The 
blades 103 and the boss portion 101 of the fan 
apparatus does not have to be formed integrally, 
the blade 103 can be made of metal plate such as 
aluminum and steel and welded to the boss portion 
as shown in Fig. 17. Furthermore, the blade 103 
can be connected to the boss portion 102 by the 
connecting means such as ribet. The fan apparatus 
of the present invention can be positioned in front 
of the radiator for sending the cooling air toward 
the radiator 4. The fan apparatus of the present 
invention can be used other than the cooling fan for 
cooling the automotive radiator such as the ven- 
tirator. 



Claims 



profile at the first area is perpendicular to the first 
wing axis and the profile at the second area is 
perpendicular* to the second wing axis.* 

2. A fan apparatus claimed in claim 1 , wherein 
5 the setting angle of said blade at thQ first area 

is 0.5 - 0.9 times by the setting angle of said blade 
at the top portion. 

•3. A fan apparatus claimed in claim 1, wherein 
the intermediate portion of said blade is a 
10 portion about 0.5 - 0.95 times by a length of said 
blades. 

4. A fan apparatus claimed in claim 1 , wherein 
the chord length at the top portion of said 

blade is about 1 .2 - 2.2 times by the chord length 
75 at the intermediate portion of said blade. 

5. A fan apparatus claimed in claim 1, wherein 
an inclined angle between the first wing axis 

and the second wing axis is about 3 - 17°. 

20 • 



25 



30 



1. A fun apparatus having a boss portion which 
is driven to be rotated and a plurality of blades 
connected to said boss portion in such a manner 
that said boss portion positions at a center position 35 
of said a plurality of blades, wherejn; 

a setting angle of said blade at a first area 
from a bottom portion of said blade to an inter 
mediate portion is maintained substantially the 
same, 40 

the setting angle of the said blade at a second 
area from said intermediate portion to a top portion 
of said blade is gradually increased, 

a chord length of said blades is gradually 
increased from the bottom portion to the top por- 45 
tion of said blade, 

a first wing axis which represents a center 
portion of the chord length at the first area from the 
bottom portion to the intermediate portion of the 
blade is inclined to a second wing axis which so 
represents the center portion of the chord length at 
the second area from the intermediate portion to 
the top portion in such a manner that the second 
wing axis inclined toward a rotrting direction of 
said boss from the first wing axis; and - 66 

a profile of said blade is so formed that the 
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FIG. 13 
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FIG. 21 
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© Fan apparatus. 



© A fan apparatus employs such structure that a 
setting angle of the blade is kept to be a predeter- 
mined angle at a first area from a bottom portion of 
the blade to an intermediate portion of the blade and 
the setting angle is increased at a second area from 
the intermediate portion of the blade to a top portion 
of the blade. A chord length of the blade of the 
. present invention gradually increases from the bot- 
tom portion to the top portion. A first wing axis (ti) 
of the blade at the first area from the bottom portion 
to the intermediate portion and a second wing axis 
^(12) of the blade at the second area from the inter- 
^ mediate portion to the top portion are not parallel 
from each other but the second wing axis is inclined 
^"toward the rotational direction of the fan apparatus. 
q Furthermore, the profile of the is formed in such a 
manner that the profile at the first area is per- 
iappendicular to the first wing axis and the profile at the 
^second area is perpendicular to the second wing 
axis. The fan apparatus of the present invention 
0 employs such structures that a pressure distribution 
Q. along with the wing chord Is substantially"^ 
. ^ at .the , finrt^area-^ 



gradually increased in such a manner that the shape 
of the pressure distribution is the similar figures to 
that of the first area. The chord length of the blade is 
gradually increased from the bottom portion to the 
top portion. 

Since the fan apparatus of the present invention 
employs the structures described above, the fan 
apparatus well prevent the occurrence of the bur- 
bling at the outer surface of the blade even the 
resistance of the air flow introduced into the fan 
apparatus is high and the air flow passing the blade 
is incline to the wing chord. 
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